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1014-207 Younger Age at Time of Symptom Onset Is Associated 
With Nonpulmonary Vein Triggers of Atrial Fibrillation
William H. Sauer, Erica Zado, Mark Vanderhoff, David Lin, Sanjay Dixit, David J. Callans, 
Francis E. Marchlinski, University of Pennsylvania School of Medicine, Philadelphia, PA
Background: Atrial tachycardia (AT) and atrioventricular reentrant tachycardia (AVNRT)
are known triggers of atrial fibrillation (AF) and are potential targets for curative ablation.
These arrhythmias commonly present before age 35 but may not be recognized until later
in life. We sought to determine whether patients with symptoms of atrial fibrillation as
young adults referred for treatment of atrial fibrillation had a higher incidence of non-pul-
monary vein (PV) triggers.
Methods: Data on 292 patients referred for catheter ablation for treatment of AF (January
1999 – September 2003) was retrospectively analyzed to determine the potential differ-
ences in age specific triggers. Data were collected during initial patient interview and
included duration of AF symptoms. Electrophysiological studies using multipolar cathe-
ters during isoproterenol infusion identified triggers initiating AF as originating from a PV
or other atrial source. Non-PV triggers were further characterized as AT or AVNRT and
were confirmed by failure to re-initiate AF after successful ablation. Bivariate correlation
and multivariable logistic regression were performed to evaluate the association between
non-PV triggers of AF and younger age.
Results: Of the 292 patients in the cohort, 46 experienced symptoms attributable to AF
before age 35 (mean 28.4 ± 5.5 years). The mean age of these patients at the time of
ablation was 37.9 ± 9.1 years vs. 56.0 ± 8.9 years in the rest of the cohort. There were 28
AT and 10 AVNRT triggers of AF in the cohort. After adjustment for sex, left atrial size,
mitral regurgitation, history of hypertension, coronary artery disease, congestive heart
failure or sleep apnea, younger age at time of symptom onset remained significantly
associated with the presence of non-PV triggers (risk ratio: 2.56 (1.2 - 6.2); P=0.03).
Younger age was not associated with the presence of AT (P=0.39) but was significantly
associated with the presence of AVNRT (P=0.01).
Conclusion: Patients who have experienced symptoms of AF before the age of 35 are
more likely to have non-PV triggers initiating AF. Consideration should be given to the
presence of AF triggers outside the PVs in patients who have symptoms of AF prior to
age 35.
1014-208 Atrial Tachycardia and Atrial Fibrillation Are Closely 
Linked in Canine Rapid Ventricular Pacing-Induced 
Cardiomyopathy
Sunil C. Shroff, Kyungmoo Ryu, Jayakumar Sahadevan, Nichole L. Martovitz, Saurabh 
Shah, Celeen M. Khrestian, Michael D. Faulx, Brian D. Hoit, Bruce S. Stambler, 
University Hospitals of Cleveland, Cleveland, OH, Case Western Reserve University, 
Cleveland, OH
Dogs with rapid ventricular pacing (RVP)-induced congestive heart failure (CHF) have
inducible sustained atrial tachycardia (AT) and atrial fibrillation (AF). However, the rela-
tionship of AT to AF in experimental CHF is uncertain. We hypothesized that induction of
sustained AF is often preceded by AT in this CHF model. Methods Characteristics and
patterns of sustained (>10 min) AF and AT initiation were analyzed in dogs with CHF pro-
duced by 3 to 5 weeks of RVP at 240 beats per minute. Results Among 43 episodes of
sustained atrial arrhythmias in 23 CHF dogs: 1) in 10 (23%) episodes in 8 dogs sustained
AF was preceded by a transitional rhythm of AT with spontaneous conversion of AT to AF;
2) in 12 (28%) episodes in 8 dogs sustained AF was present for the entire episode dura-
tion; and 3) in 21 episodes (49%) in 14 dogs sustained AT was present for the duration.
The mean time to spontaneous conversion of AT to AF was 154 sec (range 10-300sec).
During 3 (7%) episodes in 2 dogs, AF alternated with AT during an episode. Episodes of
AT that spontaneously converted to AF had shorter cycle lengths than those that per-
sisted as AT (139±14 ms vs. 153±15 ms, p=0.038). The duration of RVP among dogs
with only AT induced (n=9), only AF induced (n=5), and with AT to AF (n=8) did not differ
significantly (3.9±1.1 vs. 4.2±1.1 vs. 4.1±1.1 weeks). Left atrial end-diastolic volume
measured by transesophageal echocardiography among dogs with only AT induced, only
AF induced, and with AT to AF was not significantly different (43±12 vs. 44±25 vs. 39±5
cc). Right atrial effective refractory period at 400 ms was longer in dogs in which only AF
was induced compared with those in which only AT was induced (164±31 vs. 134±19 ms,
p=0.055). Verapamil terminated 6 of 7 sustained AT and 4 of 5 sustained AF episodes
(AF only or AT to AF). Conclusions Dogs with RVP induced CHF frequently have both
sustained AT and AF induced. A transitional rhythm of AT with spontaneous conversion to
sustained AF occurs. Episodes of AT that convert to AF have shorter cycle lengths than
those that persist as AT. Verapamil terminates both AT and AF in this CHF model. These
observations imply that there is a potential mechanistic link and interaction between AT
and AF in CHF.
1014-209 High Risk of Obstructive Sleep Apnea in Patients With 
Atrial Fibrillation
Apoor S. Gami, Sean M. Caples, Ravi Kanagala, Elizabeth H. Nora, Stephen T. Turner, 
Gary L. Schwartz, Narayana S. Murali, Joseph F. Malouf, Naser M. Ammash, Paul A. 
Friedman, Virend K. Somers, Mayo Clinic, Rochester, MN
Background: Obstructive sleep apnea (OSA) is associated with an increased risk for
recurrence of atrial fibrillation (AF) after electrical cardioversion. While OSA is known to
be highly prevalent in patients who are male, obese, and/or hypertensive, the prevalence
of OSA in patients with AF is unknown.
Methods: We studied 147 patients who were undergoing electrical cardioversion for AF
and a gender-matched control group of 210 hypertensive patients. We administered the
Berlin questionnaire, a validated screening tool for OSA. The groups were compared in a
two-tailed fashion with the student’s t test, Wilcoxon rank sum test, and Fisher’s exact
test.
Results: Gender distribution, body-mass index, and neck circumference were similar
between groups. The control group was younger (mean age 50 vs. 71 years, p<0.0001).
The proportion of patients at high risk for OSA was significantly higher in the AF group
compared to hypertensive controls (49% vs. 34%, p=0.006). This was especially true for
AF patients with hypertension (n=97, 56%, p=0.0005) and those with hypertension but
without diabetes, coronary artery disease, or congestive heart failure (n=53, 51%,
p=0.03). In this latter group, the odds of being at high risk for OSA was 2.0 times greater
than in the hypertensive controls (95%CI: 1.1 to 3.7).
Conclusion: The novel finding of this study is that the risk of OSA is strikingly high in
patients with AF, even higher than in hypertensive patients. Older age in the AF group
strengthens these findings, as OSA prevalence usually decreases after age 60 years.
These results have important clinical implications, since OSA contributes to an increased
risk for recurrence of AF after cardioversion, and treatment of OSA lowers this risk.
1014-210 Coronary Sinus Os and Fossa Ovalis Ablation: Effect on 
Interatrial Conduction and Inducibility of Atrial 
Fibrillation
Peter Ott, Sheng He, Alfred E. Buxton, Malcom M. Kirk, Bryan Frain, Charles Koo, Peter 
Kozel, Andy Chiavetta, Dennis Lamser, Dave McAdam, University of Arizona, Tucson, 
AZ, Brown Medical School, Providence, RI
BACKGROUND: Maintenance of atrial fibrillation (AF) depends, in part, on inter-atrial
conduction. The coronary sinus (CS) musculature and fossa ovalis (FO) are important
inter-atrial conduction pathways.
HYPOTHESIS: Radiofrequency (RF) energy ablation, using a novel MESH electrode
catheter can create circumferential ablation lesions at the CS os, and FO altering inter-
atrial conduction and reducing AF inducibility.
METHODS: Under fluoroscopic guidance a multi-polar electrode catheter was placed in
the CS of 3 swine. The left atrial (LA) activation sequence (AS) was assessed during low
right atrial (LRA) pacing. The right atrial (RA) AS was evaluated with non-contact map-
ping (Endocardial Solutions) during proximal CS pacing. Using the MESH electrode cath-
eter circumferential RF lesions were delivered just inside the CS os as well as on the
right and left atrial (transseptal) aspect of the FO. After each ablation, right and left atrial
AS was reassessed. AF inducibility was assessed at baseline and after successful CS
os/FO ablation. 
RESULTS: At baseline, LA AS was proximal (CS os) to distal and RA activation was ear-
liest at the CS os region in all three animals. AF was inducible with rapid pacing in 2 of 3
swine. CS os ablation resulted in elimination of inter-atrial conduction at the CS level
(reversal of LA AS during LRA pacing - distal CS to proximal CS) and a switch of earliest
RA activation during proximal CS pacing to the mid septum. FO ablation further shifted
RA activation to the high septum (Bachman Bundle). AF was rendered non inducible in 2
of 2 animals.
CONCLUSIONS: In this model, (1) a novel RF energy MESH electrode ablation catheter
can create circumferential ablation lesions inside the CS os, and around the FO. (2)
These lesions result in conduction block along the CS and the FO and (3) rendered AF
non-inducible. (4) Creation of such inter-atrial conduction block may be useful in catheter
ablation of AF.
1014-211 Activation Mapping of Pulmonary Veins During 
Initiation of Atrial Fibrillation Using a Multielectrode 
Basket Catheter
Koichiro Kumagai, Masahiro Ogawa, Hiroo Noguchi, Tomoo Yasuda, Keijiro Saku, 
Fukuoka University Hospital, Fukuoka, Japan
Background:It has been suggested that the pulmonary veins (PVs) seem to have the
necessary substrate to support reentry as well as focal activity. In an animal study, the
complete reentrant loop in the PV has been visualized by optical mapping. However, evi-
dence of reentry has not been demonstrated in humans.
Methods: Thirty-two bipolar electrograms were recorded simultaneously from a basket
catheter placed in the PVs in 48 patients with paroxysmal atrial fibrillation (AF). Activation
maps of PVs were analyzed from 10 episodes of spontaneous onset of AF and 12 epi-
sodes of induced AF by a single extrastimulus from the distal PV. Conduction times from
the earliest activation potentials or pacing artifact to each of the potentials were mea-
sured. Analysis was based on sequential 100-ms time windows. For each episode, 600
msec of data (6 consecutive time windows) from initiation of the episode was analyzed,
and the activation sequences were depicted by activation maps.
Results: During the initiation of AF induced by extrastimulation from the distal PV, a short
coupled extrastimulus formed a PV-left atrial (LA) reciprocating reentrant circuit involving
exit and entrance breakthrough points at the PV-LA junction. During the spontaneous
onset of AF, rapid repetitive firings in a PV induced the partial PV-LA conduction block
and a PV-LA reentrant circuit involving the exit and the entrance breakthrough point was
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created. Also, reentrant circuits with a short cycle length (mean, 101±10 ms) were some-
times observed within the PV, however, they were unstable and short lived. Similar acti-
vation patterns were also observed in other cases, although there were minor differences
between them. However, reentrant circuits lasting for more than 2 rotations were never
observed in any cases (mean, 1.2±0.5 rotations). Wave fronts traveling from PV to LA
and/or from LA to PV play an important role in the formation of unstable reentrant wave
fronts.
Conclusions: During initiation of AF, unstable reentrant circuits are formed within the PV
and at the PV-LA junction in response to single extrastimulus and repetitive focal activi-
ties.
1014-212 Is Atrial and Pulmonary Vein Fibrosis Involved in the 
Pathogenesis of Atrial Fibrillation?
Alejandro C. Perez-Lugones, James McMahon, Patrick McCarthy, José Navia, Nassir F. 
Marrouche, Yaariv Khaykin, Mandeev Bhargava, Antonio Rosillo, Marc Gillinov, Walid 
Saliba, Patrick Tchou, Andrea Natale, The Cleveland Clinic Foundation, Cleveland, OH
Background: Development of atrial fibrosis has been proposed to be relevant in enhanc-
ing the susceptibility and maintenance of atrial fibrillation (AF). However, quantification of
fibrous tissue in the pulmonary veins (PV) and the atrial muscle of patients with and with-
out AF has not been studied. We compared the amount of fibrosis in individuals with his-
tory of AF and controls.
Methods:
We evaluated both the left atrial tissue and the proximal segments of 52 PV (ostium to 1
cm distal). Nineteen left superior PV, 11 right superior PV, 10 right inferior PV and 12 left
inferior PV were obtained from 14 autopsies and 7 heart transplant donors (15 males and
6 females). There were 9 individuals with history of AF (mean age: 54 ± 21) and 12 con-
trols (mean age: 47± 15). The tissue was processed for Masson Trichrome staining; 104
slides (7 µm width) were studied.
We performed slide scanning using ArtixScan 4000tf, Microtek™, with Pathscan
Enabler™, Meyer Instruments, Inc Houston, TX. We transfer the files to Image Pro,
Media Cybernetics™, for color cube segmentation and pixel area counts, considering
color blue. The files were transferred to Excel, Microsoft®, to quantify percentage of
fibrous tissue. Patients were compared between two groups and among the veins using
analysis of variance. Veins were treated as nested within patients.
Results: In the group with history of AF the amount of fibrous tissue expressed in per-
centage was: (Mean ± STDEV): Left inferior PV: 30.60 ± 15.18, left superior PV: 24.20 ±
11.19, right inferior PV: 26.51 ± 13 and right superior PV: 15.58 ± 14.66. The same quan-
tification in the control group did not show a significant difference: Left inferior PV: 25 ±
16.65, left superior PV: 23.10 ± 13.3, right inferior PV: 27.46 ± 15.37 and right superior
PV: 20 ± 6.30, (P= 0.98 between the two groups and P= 0.39 between veins). Similar
results were seen when fibrosis was quantified in the atrial muscle: (Mean ± STDEV) AF
patients: 15 ± 12.28 % versus controls: 16.32 ± 11 % (P: no significant).
Conclusion: Fibrosis in the PV and atrial chambers do not seem to be required for the
development and maintenance of AF.
1014-213 Frank Starling Mechanism Is an Independent 
Contributor to Ventricular Performance Variability in 
Atrial Fibrillation
Zoran B. Popovic, Hirotsugu Yamada, Youhua Zhang, Don W. Wallick, Richard A. Grimm, 
James D. Thomas, Todor N. Mazgalev, Cleveland Clinic FOundation, Cleveland, OH
Ventricular performance in atrial fibrillation (AF) depends on heart rate variability through
the interval-force mechanism, i.e., the ratio of preceding and pre-preceding RR intervals
(RRp/RRpp). The impact of end-diastolic volume (EDV) variability (Frank-Starling mecha-
nism, FSM) on ventricular performance is not known. We hypothesized that FSM has an
independent effect on left ventricular (LV) performance in AF. Methods: We induced AF in
13 open chest dogs. RR intervals, LV pressure, LV volume (conductance method) and
aortic flow (flow probe) were collected for >400 beats during rapid AF (224 ± 34 bpm). In
6 dogs, additional data were collected while average ventricular rate was slowed by
selective vagal stimulation (VS) of AV node (138 ± 23 bpm). The relations of maximal LV
power and peak LV pressure derivative (+dP/dt) to RRp/RRpp were fitted to equation y =
A * (1- EXP (B-RRp/RRpp)/C) and the residuals of these relations were calculated.
Results: LV power and +dP/dt strongly correlated with RRp/RRpp (r = 0.81 ± 0.08 and r =
0.81 ± 0.07, p<0.0001 for all correlations). The residuals of LV power - RRp/RRpp and of
+dP/dt - RRp/RRpp relations showed linear correlation with EDV (r = 0.42 ± 0.15 and r =
0.44 ± 0.20, p<0.01 for all correlations). In the 6 dogs with slowed average ventricular
rate by VS, a slope of both LV power residuals - EDV and of +dP/dt - EDV relations
decreased (p<0.03 for both) (Figure). Conclusion: FSM contributes to ventricular perfor-
mance in AF. FSM contribution depends on average ventricular rate.
1014-214 The Influence of Duration of Atrial Fibrillation on 
Maintenance of Sinus Rhythm by Angiotensin II 
Modulators After Electrical Cardioversion
Yasuyuki Egami, Masami Nishino, Takahito Tamai, Tamaki Itakura, Shinichiro Suna, Isao 
Kondo, Ryu Shutta, Kenjiro Tanaka, Takayoshi Adachi, Hideo Tanahashi, Jun Tanouchi, 
Yoshio Yamada, Osaka Rosai Hospital, Sakai, Japan
Backgrounds:It was known that atrial fibrillation (AF) induced structural remodeling of
the atrial tissue and longer AF duration were major cause of recurrence of AF after elec-
trical cardioversion (EC). Recent some studies reported angiotensin II modulators
(AIIM:ACE-I or ARB) were effective to prevent structural remodeling. Thus, AIIM may be
effective to maintain sinus rhythm after EC. In this study, we investigated the relation
between the effects of AIIM to maintain sinus rhythm after EC and duration of AF.
Methods:We studied 78 patients with nonvalvular AF (duration of AF > 2 days) who
received EC and once recovered sinus rhythm. Then, we divided these patients into two
groups: patients with AF duration < 6 months (group S: n=53) and patients with AF dura-
tion > 6 months (group L: n=23), and evaluated AIIM effects in the two groups. AIIM+ was
defined as the patients who received AIIM more than one month before EC and AIIM-
was those without AIIM.
Results:At 6 months after EC, in group S, 13 AIIM+ (76.5%) and 16 AIIM- (44.4%) main-
tained sinus rhythm. The AF recurrent free ratio at 6 months after EC was significant
higher in AIIM+ than in AIIM- of the group S (p=0.04,log rank test), while there were no
significant differences of the AF recurrent free ratio in the group L.
Conclusions: In the patients with AF duration< 6 months, AIIM therapy before electrical
cardioversion was effective to maintain sinus rhythm, and it was indicated that AIIM could
prevent structural remodeling of the atrial tissue in these patiens, clinically.
1014-225 Myocardial and Plasma Levels of Matrix 
Metalloproteinase-9 Are Increased With Atrial 
Fibrillation
Rupak Mukherjee, Abigail S. Lowry, Amy E. Hardin, Martha R. Stroud, John S. 
Ikonomidis, J. Marcus Wharton, Francis G. Spinale, Michael R. Gold, Medical University 
of South Carolina, Charleston, SC
Background: Atrial fibrillation (AF) produces changes in atrial function and structure,
which may promote the maintenance of AF (“AF begets AF”). Structural abnormalities in
the atria that occur with AF include alterations in the composition of the extracellular
